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ABSTRACT
Determination of Reliability Indices for Congestion on Urban Arterial Streets
by
Venn Parimi
Shashi S. Nambisan, Ph.D., P.E., Examination Committee Chair 
Professor, Department of C ivil &  Environmental Engineering 
University of Nevada, Las Vegas
Motorists tend to accept certain levels of delay during peak traffic conditions, but 
become increasingly agitated when the travel times increase unpredictably due to 
incidents on roadways. The objective of this thesis is to develop a reliability index 
quantising the spatial and temporal distribution of traBic congestion on urban arterial 
streets. Delays caused due to recurrent and non-recurrent congestion need to be 
differentiated. Two approaches for estimating road network reliability are proposed to 
quantî  delays due to recurrent and non-recurrent congestion. These indices are 
expressed as functions of operating speed and travel time respectively. A case study using 
urban arterial streets in the Las Vegas Metropolitan area is presented to illustrate the 
methodology and applications of the proposed reliability indices. These indices are 
valuable for transportation managers for system management and for travelers for making 
decisions related to, trip choices such as route, mode and travel time.
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CHAPTER 1
INTRODUCTION
Motivation
Increasing congestion on urban arterial streets in the United States over the past 
couple of decades could be mainly attributed to the growth in population, rise in 
vehicular demand, and a less than proportional increase in roadway capacity. These 
massive trafBc conditions are displayed as problems for residents, visitors, law 
enforcement agencies, emergency responders and trafBc engineers through various 
symptoms such as intersection / roadway gridlock, high rates of vehicular and pedestrian 
crashes, numerous traGic violations including driving under influence (DU I), air and 
noise pollution, and increased peak hour travel times that add in^atience and short 
tempers to road-users. The rise in the level of congestion has many direct and indirect 
adverse impacts on the region's economy and also influences various public related 
issues such as safety, health etc.
Many motorists who live in areas with heavy traffic congestion have noted that 
they can "hve" with slow moving traffic if  it is predictable in its congestion, but become 
increasingly agitated when trafBc Row conditions undergo a large swing of operations
i.e., smooth to stop-and-go Sows (ORA, KHA and UNLV-TRC, 2003). Recurrent delay
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
or daily congestion delay caused by excessive volume varies due to increased traGic 
conditions at certain times, days or seasons, while capacity remains Gxed. Non-recurrent 
delay resulting Gom incidents hke crashes, vehicle breakdowns, weather etc. causes 
variation in the amount of congestion and is generally unpredictable. Reliability of a 
particular corridor is the impact of non-recurrent congestion on the transportation system. 
It is important to develop and extend the Geld of transportaGon network reliability for 
pracGcal use. These concepts could be used as a new measure of evaluaGon for designing 
road networks, one which is diGerent Gom the existing measures, such as mean travel 
time and the degree of congesGon (lida, 1999). Models that estimate and analyze the 
rehability of urban arterial streets have hence become an important research area over the 
past several decades.
Highway incidents (vehicle accidents and disablements) are a m^or cause of 
trafGc congesGon in urban areas. Previous studies have estimated that around 60% of aU 
trafBc congesGon on highways is caused by incidents (Lindley, 1987). Because of this, 
considerable naGonal attenGon has been directed toward the eGecGve management of 
incidents. Such management seeks to miGgate the tra&c-related inq)acts of incidents by 
minimizing incident duraGon and by diverting traGic away Gom area of the incident by 
providing pre-trip infbrmaGon to road users and controlling trafGc intelligenGy at the site 
of the incident.
Research ObjecGve, Tasks and Scope 
The okjecGve of this research is to develop a reliabihty index to quantify the 
spaGal and temporal distribuGon of congesGon on urban arterial streets. The reliability
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
index (R )̂ can be used to rank the degree and extent of non-recurrent congesGon on these 
sheets. IdenGfying individual segments or corridors that have relaGvely higher reliability 
index values can help the road user in making pre-trip decisions related to choice of 
route, mode, length of the commute, and time taken to reach the desGnaGon locaGon. 
Moreover, these indices can act as decision support tools for implementing appropnate 
countermeasures and / or enhancing edacity that would help alleviate congesGon.
To develop Gie reliability index for performance evaluaGon, the following tasks 
were performed:
1. Review of Literature -  A conqzrehensive review of the literature was performed to 
identify documented meGiods and strategies used to quanGfy and alleviate 
congesGon, especially non-recurrent congesGon.
2. Collect data -  Data required include crash data, traGic volumes, supply 
charactensGcs of urban arterial streets hke number of lanes, capacity etc.
3. Incident Frequency Model -  This task involved segmenting the roadways and 
coming up with Gie Gequency of incidents on each segment using a Geographic 
InfbrmaGon Systems (GIS) software interface.
4. Incident Delay Model -  A literature search was perfbrmed to identh^ an 
^ropriate model to estimate incident delay, and the model was adapted to meet 
the needs of this study.
5. Rehabihty Index -  The incident delay modeling was extended to a rehabihty 
analysis of roadways obtained by studying the deviaGon of speed and travel time 
Gom ideal or acceptable values.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6 . Case Study -  A case study was conducted to demonstrate the applicadon of the 
methodology developed to predict the reliability index on a couple of corridors in 
the study area.
The scope of the research study involves extending the idea of incident delay 
modeling to reliability analysis by using historic crash data to Gnd incident Gequency.
Study Area
Figure 1 depicts the study area also known as the 'greater Las Vegas area', which 
includes the City of Las Vegas, City of Henderson, and the City of North Las Vegas. 
There is also a substandal portion of land that is managed by the county and is referred to 
as Unincorporated Clark County. The study area is estimated to have about 1.57 million 
residents in 2002 (Las Vegas ConvenGon and Visitors Authonty, 2002) and an average 
thirty Gve million visitors per year, creating a tourism industry and economic base for 
support businesses that has attracted an average of 5,000 new residents to the area each 
month over the past decade.
Las Vegas is a new urban area by most standards. It started as a small raihoad 
staGon in 1904 and grew slowly during the Gist half of the twenGeth century in a vast 
desert with ample land for sprawl. A mfgonty of the populaGon and economic growth in 
this area has occurred over the last 20 years. The low-density template used to develop 
the desert city provided a tradiGonal street grid pattern with m^or surface artenal streets 
at every mile, with nghts-of-way adequate to provide six or eight lanes of trafGc that 
generally travels at or above the posted speed lim it of 45 miles per hour on these arterials. 
In 2002, principal arterial streets and minor arterial sheets accounted for 47 percent of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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urban vehicle miles of travel iu the greater Las Vegas area (Pulugurtha and Nambisan, 
2002). Expansion of the roadway network continues as the area struggles to serve the 
growing vehicular demand, but the length of time spent commuting gradually creeps up 
as growth in roadway capacity has not been able to keep pace with the growth in 
demands. The greater Las Vegas area has been a non-attainment area for naGonal ambient 
air quality standards (EPA, 2003), which casts a shadow of uncertainty on the area's 
ability to continue to increase lane miles as well as vehicle miles of Gavel indefinitely.
OrganizaGon of the Thesis
This thesis includes Gve chapters. Chapter 1 descnbes the moGvaGon for this 
study. Chuter 2 provides a summary of the literature review pertaining to trafGc 
congesGon, incident delay models, reliability, and travel time variabihty. The 
methodology of determining incident frequency, estimaGng incident delay, and GnaUy 
estimaGng the rehabihty of roadways is presented in Chapter 3. Chuter 4 presents the 
results obtained Gom applying the incident delay and rehabihty index models to a case 
study. Chapter 5 summarizes the conclusions of the thesis and provides recommendaGons 
for future research.
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CHAPTER!
LITERATURE REVIEW
This chiqiter presents a summary of the existing literature pertaining to congesGon 
on urban artenal streets, geo-coding, incident delay modeling, and travel time reliability. 
Since the concept of reliability and travel Gme variability is a relaGvely new area of 
research, not many citaGons were found.
TraGic CongesGon
Increasing GaGic congesGon is of mryor concern to trafBc engineers, planners, 
and managers in urban areas. This is because of the adverse impacts trafBc congesGon 
has on Gie region's economy as well as quality of life issues hke public safety and health. 
Researchers at 1 1 1 (2002) in then mobihty study had stated that over the past 20 yeais, 
trafBc volumes have increased faster than road edacity and the altemaGve modes have 
not provided the needed rehef either because they are not extensive enough, or they are 
not used for enough trips. This is one of the reasons why motorists in more than one-third 
of the areas studied spent an equivalent of at least one work week per year in trafBc jams 
which are apparent results of traKc congesGon.
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TrafGc congesGon can be descnbed as Gie operaGng condiGons Giat exist on any 
roadway at any point of time when the quality of GafBc Gow (as measured by parameters 
such as travel time, speed, delay etc.) deteriorates below an acceptable norm to the road 
user. The four components that contnbute in defining the exact meaning of trafGc 
congesGon are (Pulugurtha and Nambisan, 2001):
1. DuraGon - The amount of Gme congesGon aGects the travel system. It is the number of 
hours the facility operates below the acceptable norm. The impact of congesGon may 
even occur at Gmes other than just Gie peak hours of trafGc Gow.
2. Extent - The total number of people or vehicles aGected by congesGon. It could be 
described in terms of geographic area, populaGon, number of travelers, or number of 
vehicles afkcted by congesGon.
3. Intensity - The level of seventy of congesGon that affects the transportaGon system. It 
is used to differenGate diGerent levels of congesGon. The intensity levels were based on 
volume to capacity raGo and level of service offered by a roadway.
4. Reliability - The impact of non-recurring congesGon caused by vehicular crashes, 
vehicle breakdowns, stalled vehicles etc. on the transportaGon system. Analyzing the 
crashes on corridors and finding the average crash rates over the diGerent funcGonal 
classiGcaGons and area types helps in jusGfying the reliability of a parGcular funcGonal 
class or area type. Such analysis makes it easy for the planners in makiog decisions 
regarding implementaGon of diGerent congesGon miGgaGon measures.
TrafBc congesGon on urban arterial streets can be categorized into two types: 
recurring and non-recurring. Recurring congesGon is the type that occurs repeatedly and 
is Gme-predictable as on its onset, extent, and duraGon. It is simply the result of trafBc
8
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demand exceeding or approaching the capacity of the roadway. It could be even referred 
as the 'background level' of congestion that could be expected to occur on a given day, at 
a given Gme, at a speciGed locaGon. (Thurgood, 1995)
The porGon of non-recuirent congesGon delay depends on the study secGon 
charactensGcs, Gequency, and type of incidents. Most importantly, the percentage of 
incident delay depends on the presence and extent of recurrent congesGon delay 
(Skabardonis et al, 2002). Non-recurrent congesGon can arise anywhere along the 
roadway, and when it occurs, it often suddenly reduces the capacity of the roadway and 
makes the trafBc condiGon unstable. The capacity reducGon may be as severe as a total 
lane closure. Yin and leda (2001) have proposed an approach of assessing the 
performance reliability of road networks under non-recurrent congesGon condiGons. This 
approach helps to better understand the mechanism of performance reliability of road 
networks and thus give some hints of how to minimize the disrupGons caused by these 
condiGons.
Geo-coding Crashes
The scope of the research study involves extending the idea of incident delay 
modeling to reliability analysis by using histonc crash data to Gnd incident frequency. In 
order to relate the crash database onto the street network, a software interface is required 
and this process of assigning coordinates on a map to corresponding addresses in the 
crash database is known as geo-coding.
Geographic InfbrmaGon Systems (GIS) software provides tools to combine data, 
idenGfy overlaps across data, and to integrate attributes of data sets together using feature
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
locaGon as the selecGon cGtena. Smith, Harkey, and Hams (2001) have used spaGal 
overlay techniques to combine one spaGal data set to another or to update porGons of one 
data set with another. They illustrate the use of spaGal overlay analysis to merge mulGple 
data sets to produce a new spaGal data set where the feature attributes are the union of the 
input data sets. The paper also discussed corridor analysis, which could be used to 
provide visual means to locate high crash concentraGons within a corridor. It also 
illustrated in detail, the diGerent methods to geo-code which included Route-MGepost 
(RMP), Route-Reference Post (RRP), and Route-SGeet Reference (RSR) methods.
A study by the NaGonal Highway TrafBc Safsty AdministraGon (NHTSA, 2001) 
has explained different types of address matching, the types of data used, di&rent types 
of GIS software available for geo-coding, and the main issues with geo-coding. Here, 
geo-coding was defined as a process of assigning geogr^hical coordinates to each point, 
line and area enGty.
Relating Incidents to Geometnc and TrafGc Demand CharactensGcs 
Martin (2001) proposed a relaGonship between crash incidence rates and hourly 
trafBc volume, and descnbed the inGuence of traGic volume on crash severity. The 
change of crash incidence rates for diGerent number of lanes and diGerent trafBc 
condiGons was analyzed in detail. The study revealed that for lighter traGic condiGons, 
the number of crashes was higher during weekends. The hght condiGon was not found as 
a contnbuting factor for the number or seventy of crashes.
Green and Agent (2002) discussed a methodology where high crash corridors are 
selected by measuring various attributes for each route such as length, number of crashes,
10
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
percent of Êital and injury crashes, and tra^c volume. Contnbuting factors such as light 
conditions, road type, weather, and time of the day were studied in detail for selecting 
high crash locations.
Incident Delay
Estimating incident delay and analyzing the e@ect of influencing 6 ctors on 
incident delay are two m^or functions of incident delay models for transportation 
planning (Y i, 2002).
The most widely used incident delay calculation method is based on the queuing 
diagram approach (Figure 2). The shaded area, which represents the area between the 
cumulative arrival and departure curves, is equal to the cumulative vehicle-time (minutes 
or hours) of delay caused by an incident.
T2 “—
FIGURE 2 Queuing Diagram for Calculating Incident Delay
11
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T] represents the incident duration, T2 is the time between when the incident is 
cleared and when the queue is cleared. Si is capacity, S2 is the traffic demand, and S3 
denotes the reduced capacity caused by the incident, which is related to the number of 
lanes blocked by the incident. While S] and S2 are related to the geometric and traffic 
flow characteristics of the roadway, T and S3 are related to the characteristics of the 
incident and the various factors that influence the incident.
The queuing diagram approach was adopted by incident delay models developed 
by Lindley (1987) and Sullivan (1997). Their models followed a two-level approach to 
calculate incident delay. The two-level incident model is shown in Figure 3. The Grst 
level consisted of models predicting incident duration, incident severity and incident lane 
blockage respectively. The second level was based on the queuing diagram approach to 
calculate incident delay by taking the predicted values 6 0 m the first level.
Incident Duration Incident Lane Blockage
Estimation o f Delay Caused by an Incident 
(Queumg Approach)
Level 2
Level 1
FIGURE 3 Two-level Incident Delay Model
Thill and Rogova (2001) also used a queuing diagram approach to develop an 
incident delay model used for evaluating corridor-level benefits of deploying variable 
message signs (VM S). This model broke down trafBc delay into four parts: traversal 
delay, merge delay, queue delay, and diversion time.
12
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Cohen (1999) adopted the same queuing diagram approach to develop a sketch 
model that estimates the mean and variance of incident delay. In this model, the mean 
and variance of incident delay per vehicle mile of travel to be incurred by a speciGc type 
of incident are determined. The model estimated values on two-lane, three-lane and 
multi-lane highways.
Presley and Wyrosdick (1999) calculated incident delay by directly plugging in 
the average values of incident duration and incident lane blockage into an equation that is 
derived 6 om the queuing diagram approach.
TrafBc delay caused by incidents can also be estimated by following a regression 
model approach. Unlike the queuing diagram approach, which represents the theoretical 
trafBc conditions during incidents, the regression model approach derives the trafBc 
delay 6 om trafBc simulation models by using various influencing factors such as incident 
duration as dependent variables. Y i (2002) mentioned the pros and cons of the regression 
model ^)proach comparing it with the queuing diagram approach of calculating incident 
delays. Because the regression models use values obtained 6 om trafBc simulations or 
real measurements, the output values of incident delay are believed to he more realistic 
than the ones obtained 6 om the queuing theory approach. Some of the assumptions made 
by the queuing diagmm approach make the derived incident delay values questionable. 
The limitation with the regression method is that it cannot capture the structural 
relationship between the several inBuencing 6 ctors and incident delay. Influencing 
factors such as incident duration, severity, and &equency cannot be directly used as 
independent variables in the regression model because these variables are highly
13
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endogenous. Because of the endogeneity of the variables, the estimation of the regression 
model would be biased.
Reliability and Travel Time Predictability 
With increasing demands for better and reliable services due to desired 
enhancements in the quality of life, many systems such as the communication networks 
and drainage systems have incorporated reliability analysis as an integrated part in their 
planning, design and operation (Lam, 1999). Reliability is deSned as the ability of an 
item to perform a required function under given environmental and operational 
conditions and for a stated period of time (Hoyland et. al, 1994).
The stability of travel time on road networks also has become an increasingly 
important issue in recent times, since the value of time has increased considerably and 
unexpected delay can result in substantial loss to road users (Bda, 1999). A recent survey 
by Abdel-Aty, Kiramura, and Jovanis (1997) found that travel time reliability was one of 
the most important factors for route choices, with about 54 percent of the respondents in 
the survey indicating that the travel time reliability is either the most or the second most 
important reason for choosing their primary commute routes.
According to TTI (2003), the ability to predict travel times is highly valued by 
travelers and businesses. It affects the starting time and route used by travelers on a day- 
to-day basis, and the decisions about travel mode for typical trips and for day-to-day 
variations in decisions. If  travelers assume each trip w ill take the average travel time, 
they wiU be late for half of their trips. A complete understanding of how incidents affect
14
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travelers w ill be possible by deploying continuous travel speed and trafBc count 
monitoring equipment on mrÿor streets in U.S. cities.
lida (1999) mentioned two difterent definitions of road network reliability: 
connectivity reliability and travel time reliability. Connectivity reliability is defned as a 
probability that there exists at least one path without disruption or heavy delay to a given 
destination within a given time period. For example, if  some road links were degraded 
due to an accidait or disaster, any pair of nodes in the road network should be connected 
by at least one path without congestion. Travel time reliability is deBned as the 
probability that trafBc can reach a given destination within a stated time.
There is another important aspect to network reliability relating to the type of 
congestion prevailing on the network. Recurrent and non-recurrent types of congestion 
need to be distinguished.
Putting the reliability concept into practical use, lida (1999) mentioned it is 
possible to compare reliability values among several cities with different levels of 
service, because the network reliability is represented by a probability value between 0 
and 1. Secondly, the network reliability concept could be applied in planning new roads, 
which can satisfy a certain level of connectivity or redundancy, considering cost-beneBt 
issues. In particular, this approach is very useful far designing a road network which can 
work even in the case of a disaster or incidenf Thirdly, the reliability concept w ill play an 
important role in trafBc management systems as well. Intelligent Transportation Systems 
(ITS) technology aims to contribute to the alleviation of traSic congestion, thereby 
leading to an increase in network performance or credibility. Guiding or inBuencing trips 
using advanced ITS technologies such as traSc information systems, dynamic route
15
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ĝ iuiaiHze sgfsüaais eüc., \voiiki eiibaaice tbie relkdbilüy of zi nedbvcMic. Tlie iobj(x;ü\res ()f 
(lyruMoiHc TTOute gpiidairce sgfskans are iKücmly to eiuntre the sliortest tnivel tüiie to gfüto 
the destination, bnt also to reduce unexpected delays along the route.
The following methods of information supply on routes are recommended:
a. Method 1 - Current travel time + Probability of encountering congestion.
b. Method 2 - Current travel time + Probability of travel time more than 't \
c. Method 3 - Current travel time + Mean and deviation of travel time.
The second term in the afore mentioned methods indicates information on road 
network rehabihty, which can be given based on historical data on network flow. In 
short, it would be desirable that risk (or delay) information should be provided to users in 
addition to travel time in dynamic route guidance system in order to avoid excessive flow 
concentration onto a particular route or in order to encourage dispersion of route choice 
by drivers.
Summary
In summary, the variability of siqiply and demand of trafBc networks should be 
considered when assessing the performance of road networks. A  high degree reliability is 
necessary to ensure drivers smooth travel under normal traSic flow fluctuations and to 
avoid serious unexpected delays for disruptions within the network. Reliability is 
predictability of speeds and travel times on road segments and corridors. These travel 
times would increase rapidly during non-recurrent congestion conditions, caused by 
unexpected disruptions to trafGc such as vehicular breakdowns, crashes etc. on the 
roadway which reduce its capacity for a brief to long period of time, depending upon the
16
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seventy of the incident. Several incident delay models have been proposed for varions 
purposes. These models fbUow two di@erent approaches: queuing theory and regression 
modeling. For the scope of this research study, the queuing diagram approach is used to 
calculate the traËc delay caused by incidents.
17
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CHAPTERS
METHODOLOGY
In this chapter, the data collection eSbrts are Grst described, and then a procedure 
to determine the incident &equency by day of the week and by diSerent time periods on 
urban arterial segments is proposed. Thirdly, an incident delay model is introduced that is 
used to calculate the delay caused by an incident, which is the starting point to estimate 
the total incident delay on a particular segment or corridor. Finally, the methodology for 
finding the reliability index (R )̂ of a particular segment or a corridor is proposed.
Data Collection
Supply characteristics of the roadway links such as the number of lanes, speeds, 
capacity on a link can typically be obtained hom the agency with jurisdiction over the 
6cility or from the metropolitan planning organizations (M.P.O.s) such as the Regional 
Transportation Commission of Southern Nevada (RTC, 2003). Such network information 
may be available in GIS compatible format. Else, there is a signihcant benefit to 
importing the same into the GIS environment. The GIS based network that provided 
strong graphical interface c^abihties was created for the RTC's regional travel demand 
model. The methodology proposed in this chuter can however be extended to any
18
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network that inclndes a database of link information including number of lanes, length of 
link speed lim it, and hourly capacity.
The GIS network chosen for the study comprises of urban arterial streets which 
are displayed as hne features on a m ^. Each urban arterial comprises of various 
individual links. In this study, the analysis is per&rmed at an urban arterial street segment 
level instead of the link level. An urban arterial street segment is a part of the corridor 
and is comprised of individual links that are relatively uniform with respect to the number 
of lanes and trafGc demand. Typically, a segment o f an urban arterial street falls between 
two major cross streets and measures approximately one mile in distance. The reason 
behind avoiding a link level analysis is because of the inconsistencies in the length of 
individual links. While some links measured as short as 0.06 miles, there were others, 
which measured 0.40 miles.
The yearly crash database prepared and maintained by the Nevada Department of 
Transportation Safety Engineering Division in cooperation with Nevada Department of 
Motor Vehicles and Public Safety and other state and local law enforcement agencies 
(NDOT, 2003) is used for determining the incident hequency. While, other incidents 
such as stalled vehicles, vehicle breakdowns are important, they are not considered to be 
in the scope of the study. Crashes from the hve-year period, 1998 to 2002 are used in this 
study.
The volumes on each segment may be obtained 6om state or local agencies who 
maintain such records. For the present study, they were obtained from NDOT's 2000 
Annual TrafGc Report (NDOT, 2000). The analysis in this study is segregated by the day 
of the week and then by the seven time periods on each day. The daily variaGons in the
19
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ADT values are obtained &om the NDOT report and this correcGon is made to the 
volumes on different weekdays. For example, on a Sunday the ADT is equal to 80.1% of 
AADT and on a Monday the ADT is equal to 107% of AADT. Hourly tra@ic counts are 
used to distribute the average daily traKic value into the diHerent time periods.
Each day is broken into seven time periods based on the convenGon followed by 
the Regional TransportaGon Commission of Southern Nevada (RTC, 2003), who 
provided the GIS street network for the study. The seven different time periods are shown 
in Table 1.
TABLE 1 Time Periods for Analysis within Each Day
S.No Time Period # Hours Categor
1 00:00 - 07:00 7 Night, 08-Peak
2 07:00 - 09:00 2 Day, Peak
3 09:00 -14:00 5 Day, Off-Peak
4 14:00-16:00 2 Day, Off-Peak
5 16:00 - 18:00 2 Day, Pea
6 18:00 - 20:00 2 Day, Off-Peak
7 20:00 - 24:00 4 Night, Off-Peak
Incident Frequency
The Gve year crash data (NDOT, 2003) were geo-coded onto the network
obtained 6om the Regional TransportaGon Commission of Southern Nevada (RTC,
2003) using sheet referencing system as the address matching technique. Various crash
characterisGcs such as total number of crashes on a parGcular segment, the Gme and day
of occurrence of each crash, crash severity are incorprorated and analyzed to estimate the
incident Gequencies on different road segments and corridors by crash severity, day of
the week, and time period. These steps are described in detail in the following secGons.
20
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Geo-coding (Address Matching)
Geo-coding, as dehned by ESRI (2002) is a mechanism for building a database 
relaGonship between addresses and coverage features. Address coverages are usually 
linear feature coverages representing city streets but can also be point or polygon 
coverages. In other words, it is the spahal representaGon of real-time data onto a m ^  
using its address. According to Vasudevan (2003), address matching is performed to 
locate an event, which has been recorded at an intersecGon, milepost or at a sheet 
address. InfbrmaGon regarding crashes is recorded by officers on-duty as a text input 
using a pen-and-paper system. The records contain details about sheet address, date and 
Gme of crash, crash severity, type of crash, age of motorists, occtqiants and pedestrians if  
present. In order to transfer these crashes onto the arterial network map, a Geographic 
InfbrmaGon Systems (GIS) interface is used. The GIS software uses the coordinates of 
street features to determine and assign coordinates to corresponding addresses in the 
crash database.
The GIS software needs a mechanism to trans&r the text infbrmaGon relating to 
crashes into geographic coordinates befbre an address can be displayed on the map. The 
mechanism that is used fbr Giis purpose is the sheet referencing system. NDOT (2003) 
stored infbrmaGon relating to crash locaGons using three different reference systems: 
sheet name / reference street name, milq)ost and sheet address. The sheet name / 
reference street name locaGon referencing system is mostly used in urban areas and the 
mile post referencing system is used in rural areas. Since the ot̂ ecGve of the study is to 
estimate the reliability of urban arterial sheets, crash locaGons were address matched 
using the street name / reference sheet name locaGon referencing system. The result is a
21
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new spaGal layer of point locaGons representing the crash locaGons. Figure 4 gives a snap 
shot of such a layer overlaid on the street centerline network.
One of the problems encoimtered while address-matching is that the name 
convenGon followed by the ofBcer-on-duty to denote the sheets while recording a crash 
may not be the same as the one by the RTC's sheet centerline network, which is the base 
GIS coverage available fbr geo-coding. When there were differences in the names, the 
software was unable to match them, since it looks fbr a street reference match amongst 
the coverage and the crash report. Hence there was a need to manually veri^, reconcile 
and correct the names in the crash report so as to fbUow the name convenGon used in the 
network coverage.
Creating Buffers and SpaGal Overlay
Address matching and of! setting crash locaGons on direcGon and distance using 
the street referencing system w ill be accurate if  the network is a grid network with all the 
streets running east, west, north and south. However, the crash locaGons may not be 
exactly on die link in case the street segment is not a part of the grid network or if  the 
streets run northeast, northwest, southeast or southwest direcGons. To capture crashes 
falling into this category, which do not exacGy fall on a street, it is felt appropriate to use 
buffers. 200 feet wide round buyers are generated around the streets to capture crashes 
Giat are considered to be associated to the respecGve road segment or corridor. The crash 
coverage is then spaGally overlaid on the buffer around each segment. An example of 
creating buffers and overlaying spaGally on the crash cover^e is shown in Figure 5.
22
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ARC/INFO and ArcGIS are the two GIS software programs that were used to 
perform geo-coding and other operaGons. Arc Macro Language (AML) programs are 
used fbr automating GrequenGy perfbrmed ARC/INFO funcGons. AML is an interpreted 
language, which translates and executes each command befbre moving to the next hne. In  
addiGon to grotq)ing hequenGy used command sequences as one task, AML can be used 
to prompt the user for infbrmaGon, validate user input, provide meaningful error 
messages, and create a menu-driven interface to ARC/fNFO operaGons.
In this study, an AML program is used to select urban arterial segments 
programmaGcally, generate buffers and then spaGally overlay the buffers onto the crash 
coverage and extract in&rmaGon about the crashes that fall completely within the 
buffers. This procedure is repeated fbr 6ve crash coverages corresponding to crash data 
fbr each year f-om 1998 to 2002 respecGvely. While selecting the street segment, the user 
is asked to input iruGally the major street name o f which the segment would be a part. 
Then two cross street names that hmit the length of the sGeet segment are queried. The 
three streets are highlighted and the user is asked to draw a box around the selected 
segment. A snap shot of the AM L program running, is shown in Figure 6. The program 
checks with the user whether he / she is saGsGed with Gieir selecGon befbre returning six 
database (*.dbf) Gles, Gve of which containing year-wise infbrmaGon of crashes that 
occurred on the segment. The sixth database Gle has infbrmaGon about supply 
characterisGcs such as number of lanes, speed hmit, length of segment etc. The code 
developed f3r the AML program is attached in the Appendix.
The crash infbrmaGon 6om the Gve output Gles is used to calculate the incident 
frequency by querying the Gelds: day of crash, time of crash, and seventy of crash. The
25
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numbers of crashes on the segment fbr the 6ve-year period are ultimately sorted by the 
crash severity, day of week, and time period.
Recurrent CongesGon Delay Model 
The total time taken by any commuter or road user to travel Grom a parGcular 
origin to a desGnaGon when traveling with a parGcular speed (S) is given by the equaGon,
7T = — x 6 0 ------ (3.1)
where, 7T is travel Gme to travel Grom origin to desGnaGon in minutes, .9 is the speed of 
the commuter in mph, T is the length of the commute in miles.
The total travel time taken by all vehicles using a parGcular segment or corridor 
fbr a Gme period is given by,
^ x 6 0 ------(3.2)
where, 77^ , is die travel Gme taken while traveling with Gree Gow speed ( ^  J ût vehicle 
minutes, F) is the hourly traffic demand (vehicles per hour) on that segment or corridor 
during Gme period, r, which is the Gme period under consideraGon. Z is the length of the 
road segment or corridor being considered. The Gee Gow travel Gmes fbr a parGcular 
segment by day of the week and by Gme period are found by using the posted speed lim it 
on the respecGve road segment as the Gee Gow speed. The length of the segment is 
obtained Gom the output of the ARC / INFO operaGons and the volumes by Gme of day 
and day of week are obtained by applying the correcGons to the ADT value, as discussed 
in the previous secGon.
27
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In pracücality, vehicles do not travel with Gee Gow sp>eed because of congesGon 
on roads. The actual speed that the vehicles travel with depends iq)on the severity of 
congesGon on the roadway. The actual vehicle speed in diGerent time periods can be 
calculated using the Bureau of Public Roads relaGon (Dowhng et al., 1997),
1 + a ' —
I c ;
where, is the actual reduced speed caused by congested condiGons, C is the capacity 
of the roadway corresponding to diGerent Gme periods, a and 6 are constants. ThiG et. al 
(2001) used values of a = 0.15 and 6 = 4. The actual speeds on urban arterials are 
inversely proporGonal to their respecGve volume to capacity raGos. Lower speeds are 
encountered when Gie degree of congesGon is expected to be severe. The actual speeds by 
Gme of the day and day of the week are determined using values of a = 0.15 and 6 = 4. 
Hourly czqiaciGes of the road segment are obtained Gom the attributes associated with the 
RTC's GIS network.
The increased travel time (in vehicle-minutes) resulting Gom recurrent 
congesGon, in Gme period t is G)und out by replacing the Gee Gow speed with actual 
speed in EquaGon (3.2).
V 7 g y = Xty X  x 6 0 -(.3.4)
where, TTa,, (vehicle-minutes) is the travel Gme taken whGe traveling with a speed, 
that correspond to a Gme period t,. F) is the hourly trafGc demand (vehicles per hour) on 
that segment or corridor during the Gme period imder consideraGon and Z is the length of 
the road segment or corridor being considered.
28
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Recurring delay produced because of the difference in vehicle speeds in 
congested condiGons and uncongested condiGons is found out by,
 (3 3)
The recurring delay is caused by increased traffic demand on roadways during 
rush hour condiGons etc. The road users are aware of the existence of such kind of delay 
even befbre Giey start making their trip.
Reliability Index: A Speed PerspecGve
The concept of reliabihty is initially proposed here, where the variaGon in speed 
on a parGcular roadway segment is used as the measure to quanGfy recurrent congesGon. 
This index would report Gie percentage of time a link would operate below an acceptable 
value of speed, which is the posted speed hmit on the mad segment or corridor.
Six difkrent levels of reliabihty are proposed as shown in Table 2. p represents 
the difkrence between the posted speeds on urban arterial streets and the actual operating 
speeds. The value of p is expressed as a percentage of the Gee Gow speed, rather than a 
number in order to account fbr diGerent Gee Gow speeds on different corridors. For 
example, the ranges of p would vary fbr an urban arterial with 35 mph posted speed as 
compared to another arterial with a 45 mph posted speed hmit. This index can be used as 
a measure to quantify recurrent congesGon on urban arterial sGeets. Different colors that 
are shown in Table 2 display the level of severity of recurrent congesGon, with green 
corresponding to close to Gee Gow traffic condiGons and red corresponding to slow 
traGic condiGons. Table 3 summarizes different ranges of p, fbr a parGcular Gee Gow 
speed, 45 mph which is the posted speed hmit on the road segment under consideraGon.
29
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TABLE 2 Reliability Index: A Speed PerspecGve
ReHahühy : :
Index H
xlOO
TABLE 3 Reliability Index (Free Flow Speed, <SfF = 45 mph)
ReHabiKly
Index
g g g g j
P
Non-recnrrent CongesGon Delay Model
There exists an unexpected kind of congesGon delay caused by incidents such as 
vehicle crashes, vehicle breakdowns, stalled vehicles etc. The road users do not have 
infbrmaGon about such non-recurrent delay a prion. Such incident delay is fbund making 
use of the queuing diagram approach explained in Chapter 2. As menGoned earher, the 
incident delay is represented as the shaded area between the staGc cumulaGve arrival and 
departure curves as shown in Figure 7.
30
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—Mitme
FIGURE 7 Incident Delay Estimation - Queuing Diagram Approach
The area represented between the two curves can be derived using a determinsitic 
queuing analysis. Say, ^ is the mean arrival rate and is the mean service rate of the 
queue under consideration. In case of an incident, the service rate is reduced to which 
is below the arrival rate, and this lower service rate is maintained fbr T hours.
Time duration in queue, tg (hours) = ^  ^   (3.6)
Average queue length while queue present, g  (vehicles) =  (3.7)
Average individual delay while queue present, ^   (3.8)
A
Total delay, 77) - (3 .9 )
From the equations, (3.6) and (3.9), the delay during non-recurrent congestion can
be derived by substituting the mean arrival rate (A) with trafGc demand (F), mean service
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rate (/̂ ) with the road capacity (Q  and the reduced service rate (jUg) with reduced 
capacity (Q ).
The total incident delay is given by,
T? ■{€ - € , ) ■ ( ¥ - C, )  
2 ( C - F ) ^ — (3.10)
Equation (3.10) indicates that the amount of traJKc delay due to an incident is 
determined by four variables: the roadway capacity befbre an incident occurs C, trafGc 
volume F, the capacity after the occurrence of incident (lane blockage) Cg, and the 
incident duraGon 7). However, there are other influencing factors such as time of day, 
peak vs. non-peak hour condiGons that influence some of these variables, which in turn, 
aflect the total incident delay. There exists a two-level structural relaGonship shown in 
Figure 3 between the above menGoned variables and the incident delay.
The occurrence of an incident on a roadway segment would reduce its capacity. 
The estimated reduced capacity Cg depends upon the number of lanes blocked by an 
incident, » . The theoreGcal reducGon in capacity is 6)und out using the fbUowing 
relaGon,
Q  = (Ar -» )x77Cx7;------(3.11)
where, Q  is the theoreGcal hourly reducGon in capacity caused by an incident that
blocks » lanes out of the total lanes. 77C is the hourly capacity of the road segment in 
vehicles per hour and 7) is the duraGon of the incident in hours.
However, in pracGce, a non-recurring incident wiU reduce the roadway edacity 
by an amount greater than the reduction in actual space. One of the reasons behind this 
capacity reducGon is the rubbernecking phenomenon, where the eSect of an incident in a
32
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
lane translates into neighboring lanes because of the tendency of the drivers to slow down 
after spotting the incident. For example, if  incident blocks two of three lanes, the 
theoretical road space reduction is sixty six percent while the observed trafGc capacity 
reduction is seventy nine percent (Y i, 2002). The ratio of traSic capacity reduction versus 
road space reduction w ill always be greater lhan or equal to 1.0. Presley (1998) 
developed a chart for this ratio and based on three data points in the chart, two equations 
(linear and quadratic) are developed as shown in Figure 8.
1.8
40% G0%
%afLaoes Blocked
80% 100%
linear (Rado)*  Ratio
FIGURE 8 Real vs. Geometric Capacity Reductions by % of Lanes Blocked
If  TCg is the trafGc capacity reduction raGo, = Cg /  C and R6g is the road 
space reducGon raGo, = « /W, where n is Gie number of lanes blocked by an incident, 
and Y  is die number of lanes in the road segment where the incident occurred.
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The linear equaGon is fbund to be the most conservaGve way of computing the 
trafGc capacity reducGon. However, fbr single calculation purposes Gie linear equaGon is 
adopted.
y = -0.7679x4-1.7467 -------(3.12)
where, y = TCg /Æ% and x =
Because y = TCg /  ÆSg, and = »/?V, M should not equal to 0. According to 
Sullivan (1997), the trafGc capacity is reduced to about 77% when n = 0. So the ctqiacity 
aAer the occurrence of an incident can be estimated by the fbGowing equaGon,
C , = C - ( c x y x M )
=> Uj; = 0.77 - C (when » = 0)
=> Q  = C -(-0 .7679^ /A )4 -1 .7467)xC x^ /Y ) (when » > 0 ) ------- (3.13)
By using average values fbr incident duraGon and incident lane blockage and 
estimating residual capacity using EquaGon (3.13), traÆc delay is fbund fbr diGerent 
Gme periods using EquaGon (3.10).
EquaGon (3.10) would result in a negaGve incident delay, if  one of Gie GiUowing 
two condiGons is true:
1. Q  > F : The reduced capacity after an incident is greater than the trafGc demand.
2. E > C : The trafGc demand on the road segment is greater than the capacity.
In order to overcome these limitaGons, the fbllowing remedies are proposed. The 
incident delay is assumed to be zero, when > E . When F > C , maximum values 
of incident delay are assigned fbr the delays due to PDO, iiqury, and fatal crashes
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respectively fbllowing the honrs-of-delay ratio of 49 to 86 to 233 proposed by Blincoe et. 
al (2002).
The vaines of incident dnradon and lane blockage depend upon the severity of the 
incident. A fatal crash is expected to take a longer time to clear than an iiynry crash and 
thus the roadway would operate with less capacity fbr a greater amount of time 
comparably. The temporal characterisGcs such as AM peak, PM peak, and night etc. also 
impact the incident duraGon and lane blockage values. More vehicles would be aGected if  
an incident occurs during peak hour condiGons, and it takes relaGvely longer Gme to clear 
an incident during peak hour condiGons when compared to non-peak hour condiGons. An 
incident occurring at nighttime is expected to last longer than an incident occurring 
during daytime. The eGect of an incident would be more on a single lane roadway when 
compared to a mulGlane utility. DiGerent values of average incident duraGon and average 
incident lane blockage are proposed fbr day and peak hour condiGons, during day and 
ofGpeak condiGons, during nights far diGa"ent sevenGes of the incidents: fatality, injury 
and PDO. Other inGuencing factors that are not considered are the response Gmes of 
rescue vehicles, occupancy of vehicles involved in the incident
The average incident delay fbr a roadway segment can be calculated based on the 
estimated incident delay caused by a speciGc type of incident and the correspondent 
incident Gequency. A three-level model (Figure 9) is suggested which combines the 
results Gom the two-level incident delay model (incident delay fbr one incident) and the 
incident Gequency model (Y i, 2002).
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Estànatkm o f Incident Dehy per Time Period
IncidmÉ Lane BlockageIncident Duration
Estimation o f Delay Caused by an bicident 
(Queumg Approach)
Levels
Level 2
Level 1
FIGURE 9 Three-Level Incident Delay Model
When compared to the two-level model (Figure 2), this model takes into account
the incident Aequency and variability of trafGc flow and the delay is estimated fbr
different time periods of the day. The overall incident delay is a weighted average of the 
delay of these time periods.
After estimating the incident delays fbr diSerent time periods of the day hy 
combining the results &om the non-recurrent congestion delay and incident &equency 
models, travel times after considering non-recurrent cor^estion are fbund out by adding 
the incident delay to the actual travel times on road segments.
= TTg + ------ (3.14)
Reliability Index: A Travel Time Perspective
The reliability index proposed fbr quantifying the non-recurrent congestion is a 
measure of the variability of travel time on a particular segment or corridor. This index 
would report the percentage of time the road segment experiences non-recurrent 
congestion. In other words it is the percentage of time the road segment operates ahove 
an acceptable value of travel time.
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TraHic congestion is measured using X which is the ratio of the total delay, 
D (Dj; + Dwg) and the &ee flow travel time, 77}^. Six difkrent levels of reliability are 
proposed as shown in Table 3. DiSerent colors that are shown in Table 3 correspond to 
different levels of severity of congestion. As the color changes 6om green to red, the 
incidents delay increases pushing up the corresponding travel time, adding hustration to 
the road users.
TABLE 4 Reliability Index Expressed as Variability of Travel Time
ReKaWIity
Index Total Delay
) X = TTH&/TTg_______
Reliability Index of an Urban Arterial (Corridor 
After obtaining reliability index values fbr different segments of an urban arterial, 
the R̂  value of the whole arterial is obtained by putting together the R̂  values of the 
individual segments.
The weighted average method is used to estimate the reliability index of the 
whole arterial. A weighted mix of the reliability indices of individual road segments 
would give a 6nal reliability index, reporting how reliable a particular urban arterial is. 
The road segments are weighed accordingly to their respective lengths.
37
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=4^ -̂-----------------(3.15)
where, is the reliability index of a corridor that is divided into « road segments. is
die length of a road segment k and is the reliability index of the road segment k.
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CHAPTER 4
ANALYSIS
This chapter presents the results obtained 6om ^plying the methodology to 
different corridors in the study area. The recurrent and non-recurrent congestion delays 
and the reliability indices on one of the corridors are presented in a case study.
Two corridors were studied fbr their reliability indices at different periods of time 
and on different days of the week. These corridors are chosen based on the severity of 
congestion they experience and also the depending on the hequency of occurrence of 
incidents. A corridor hom the east - west direction and one hom the north - south 
direction are selected to illustrate the methodology, and these two corridors are listed in 
Table 5.
TABLE 5 Corridors
East -West CorrMor
Major Street From To
Tropicana Avenue Bufàlo Drive Boulder Hgbway
North - South Corridor
Major Street From To
Rainbow Boulevard Cheyenne Avenue Tropicana Avenue
The East - West corridor, Tropicana Avenue from Buffalo to Boulder Highway is 
chosen as the corridor that is studied in detail and the results are presented as a case
39
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study. The length of the corridor and the various supply characteristics of the segments 
that make up the corridor are shown in Table 5 and also in Figure 10.
TABLE 6 Supply Characteristics of Tropicana Avenue (Single Direction)
Segment From To Length (nales) # Lanes BLC (veh/hrln) HC (veh/br)
1 Bu&b Rambow 1.07 3 750 2,250
2 Rambow Jones 1.01 3 750 2,250
3 Jones Decatur 0.96 3 750 2,250
4 Decatur Valley Mew 1.01 3 750 2,250
5 VaHsyMew 1-15 0.44 3 750 2,250
6 1-15 Paradise 1.57 4 750 3.000
7 Paradise Maryland 0.72 4 750 3,000
8 Marybnd Eastern 1.01 3 800 2,400
9 Eastern Sand I# 1.52 3 800 2,400
10 SandHm Mtn Vista 1J03 3 800 2,400
11 Mtn Vista Boulder 1.26 3 750 2,250
Corndor BoSalo Boulder 11.6
- Values in Bold indicate Study Segment and Corridor
HLC is hourly lane capacity and HC is hourly capacity which is obtained by 
multiplying the number of lanes with the hourly lane capacity. The values presented in 
Tahle 5 are fbr a single direction.
Out of the eleven segments, segment 6, which is Tropicana Avenue 6om 1-15 to 
Paradise Avenue, is used as the study segment and the results obtained fbr this road 
segment are presented in the next &w sections of the chapter. The study corridors and the 
study segment are shown in Figure 10.
40
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Demand Characteristics 
IHœ haÊk demand by Ih e ii^  o fths vM æ kin ^b yth e th ^ o fth e cb y  iMe 
obtained by multiplying the AADT value by coefGcients expressed as percentages. While 
tlw;]perc%ent odFvAuAJCyT Iry dkry is cUrexzthf otüzihieci jRnom thebnCMZTT /iruiuad TTrafBc Repxort 
(NI)()TT, Iwomljf ibn&GEk: izcwmts aunsusexl to ckudritmte the aryeraĵ e dkithf ibniffk: value
irdotlie dWïereat idiruzjpeiicKis. rim vauiaticHis chFtrajSic dkamarwi in lühe stuchy segpnerd try 
the time of the day and by the day of the week are depicted in Figures 11,12 and 13.
12:90 
Thne of Dmy
FIGURE 11 TrafBc Demand Variation by Time of Day
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13.5%
16:00 - 10:00
FIGURE 12 Vaiiation of TrafBc Demand by Time Period
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FIGURE 13 Variation of TrafBc Demand by Day of Week
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As seen in Figure 11, the trafBc variation by the time of day does not follow the 
conventional morning and evening peak pattern. However, the 07:00 -  09:00 time period 
is still considered as a peak for traffic demand. Figure 12 shows the variation of trafBc 
demand by each time period, however it is in^ortant to note the fact that the durations of 
time periods are varying. The average ADT on a weekday is 106.7% and that of a 
weekend is 83.1% for the values shown in Figure 13. Using these values and the AADT 
value (NDOT, 2000) that corresponds to a trafBc count station that falls in proximity to 
the segment under consideration, the trafBc demand on that particular segment by the day 
and time period is found out. These values are listed as average hourly volumes in 
Table 7. The total traffic demand in a particular time period is the product of the average 
hourly volume and the number of hours in the time period. These are shown in Table 8.
The V/C Ratios that are shown in Table 9 are found out by dividing the trafBc 
demand values in Table 7 with the directional capacities. Houdy capacities are shown in 
Table 5. If  the hourly capacity is 2,250 veh / hr (e.g. all segments on the study corridor 
except segments 8, 9 and 10), then the directional capacity of the segment corresponding 
to the two hour peak period (07:00 — 09:00) is 2,250 x 2 = 4,500 vehicles.
44
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TABLE 7 Average Temporal Variations of TrafBc Volumes (vehicles/hr)
Time Periods # Hours SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRH)AY SATURDAY
00:00 - 07:00 7 760 1,068 1,092 1,098 1,080 1,166 954
07:00 - 09:00 2 1,774 2,494 2,549 2,563 2,M 0n 2,722 2,226
09:00 -14:00 5 2,097 2,948 3,014 3,031 2.979 3,219 2,632
14:00 -16:00 2 2,070 2,909 2,974 2,991 2,940 3,176 2,598
16:00-18:00 2 3,193 4,489 4,589 4,615 4,537 4,901 4,008
18:00 - 20:00 2 1,951 2,743 2,804 2,820 r  2,772 2,995 2,449
20:00 - 24:00 4 1,409 1,981 2,025 2,036 2,002 2,163 1,769
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TABLE 8 TrafBc Demand Corresponding to DiBerent Time Periods (vehicles)
Time Periods # Hours SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY
00:00 - 07:00 7 5,320 7,476 7,644 7,686 7,560 8,162 6,678
07:00 - 09:00 2 3,548 4,988 5,098 5,126 5,040 5,444 4,452
09:00 -14:00 5 10,485 14,740 15,070 15,155 14,895 16,095 13,160
14:00 - 16:00 2 4,140 5,818 5,948 5,982 5,880 6,352 5,196
16:00-18:00 2 6,386 8,978 9,178 9,230 9,074 9,802 8/)16
18:00 - 20:00 2 3,902 5,486 5,608 5,640 5,544 5,990 4,898
20:00 - 24:00 4 5,636 7,924 8,100 8,144 8,008 8,652 7,076
Total 24 39,417 55,410 56,646 56,963 56,001 60,497 49,476
C /)
C /)
%
I
% Os
O § a
00OS
o
eo
O
oc VI o\!>
%i
o<
U
o\
S3
SGVI
CO & so
OS
som
d
oVI
d
IT -r-
Osvs vsso
o
%
M%
cs
I
1
I
oo
o
§so g
r-o so
8
R
I
46
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Recurrent Congestion Delay Model
The Bee flow travel times in vehicle minutes for a particular time period is 
determined using Equation (3.2). A hee flow speed of 45 mph is used because it is the 
posted speed lim it on the study segment. The travel time per vehicle (minutes) are shown 
in Table 10. The total free flow travel times (vehicle-minutes) for different days of the 
week and by the seven time periods are shown in Table 11.
The actual speeds are estimated using Equation (3.4) by substituting the values of 
V/C ratios Bom Table 8 and using 45 mph as the free flow speed. The results are shown 
in Table 12. The average speeds are the wei^ted averages of speeds from each time 
period. The travel time under recurrent congestion conditions, assuming that there are no 
incidents, is found out using Equation (3.5) and the values of actual speeds hom 
Table 12. The travel times per vehicle are summarized in Table 13. These travel times 
corresponding to different time periods and day of the week are listed in Table 14.
The recurrent congestion delay is found out by subtracting the Bee flow travel 
time (Table 11) Bom the travel time under recurrent congestions (Table 14). These delays 
during different points of time and by diSerent days of the week are expressed in 
Table 15.
From Tables 11 and 14, by comparing the Bee flow and actual travel times, the 
extent of congestion can also be quantiBed. In other words, the duration when recurrent 
congestion prevails can be estimated. The extent of congestion is greater, if  the difference 
between actual and Bee flow travel times exceeds an acceptable value in more time 
periods comparatively.
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TABLE 10 Free Flow Travel Time per Vehicle (minutes)
Time Period: # Hour: SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRH)AY SATURDAY
00:00 - 07:00 7 2.09 2.09 2.09 2.09 2.09 2.09 2.09
07:00 - 09:00 2 2.09 2.09 2.09 2.09 2.09 2.09 2.09
09:00 -14:00 5 2.09 2.09 2.09 2.09 2.09 2.09 2.09
14:00-16:00 2 2.09 2.09 2.09 2.09 2.09 2.09 2.09
16:00-18:00 2 2.09 2.09 2.09 2.09 2.09 2.09 2.09
18:00-20:00 2 2.09 2.09 2.09 2.09 2.09 2.09 2.09
20:00 - 24:00 4 2.09 2.09 2.09 2.09 2.09 2.09 2.09
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TABLE 11 Total Free Flow Travel Time (veh-mins)
Time Period: #Honr: SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY
00:00 - 07:00 7 11,143 15,663 16,011 16,102 15,830 17,100 13,985
07:00 - 09:00 2 7,429 10,442 10,674 10.735 10,553 11,400 9,323
09:00 -14:00 5 21,955 30,863 31,548 31,727 31,190 33,693 27,556
14:00 - 16:00 2 8,667 12,183 12/453 12,524 12,312 13,300 10,877
16:00-18:00 2 13,371 18,796 19,213 19,322 18,996 20,520 16,782
18:00 - 20:00 2 8,171 11,486 11,741 11,808 11,608 12,540 10,256
20:00 - 24:00 4 11,803 16,592 16,960 17,056 16,768 18,113 14,814
Total 24 82,539 116,025 118,601 119,273 117,257 126,664 103,594
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TABLE 12 Actual Speeds (mph)
Time Period: #Honr: SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRU)AY SATURDAY
00:00 - 07:00 7 44.97 44.89 44.88 44.88 44.89 44.85 44.93
07:00 - 09:00 2 44.19 41.99 4d.73 41.67 Ü.87 40.84 43.04
09:00 - 14:00 5 43.44 39.47 39.03 38.92 39.27 37.54 41.32
14:00-16:00 2 43.52 39.73 39.30 39.19 39.53 37.86 41.50
16:00 -18:00 2 37.73 25.68 24.71 24.45 25.21 21.75 30.44
18:00 - 20:00 2 43.82 40.73 40.37 40.28 40.56 39.16 42.19
20:00 - 24:00 4 44.67 43.75 43.64 43.61 43.70 43.25 44.20
Average 24 43.72 40.95 40.67 40.60 40.82 39.74 42.18
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TABLE 13 Travel Time per Vehicle under Congested Conditions (minutes)
Time Period: # Hour: SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRH)AY SATURDAY
00:00 - 07:00 7 2.10 2.10 2.10 2.10 2.10 2.10 2.10
07:00 - 09:00 2 2.13 2.24 2.26 2.26 2.25 2.31 2.19
09:00 - 14:00 5 2.17 2.39 2.41 2.42 2.40 2L51 2.28
14:00 - 16:00 2 2.16 2.37 2.40 2.40 2.38 2.49 2.27
16:00-18:00 2 2.50 3.67 3.81 3.85 3.74 4.33 3.09
18:00 - 20:00 2 2.15 2.31 2.33 2.34 2.32 2.41 2.23
20:00 - 24:00 4 2.11 2.15 2.16 2.16 2.16 2.18 2.13
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TABLE 14 Total Travel Time under Congested Conditions (veh-mins)
Time Period# # Hour# SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRUDAY SATURDAY
00:00 - 07:00 7 11,150 15,701 16,053 16.145 15,870 17,158 14,007
07:00 - 09:00 2 7,565 11,191 11,509 11,594 11,342 1^560 9,748
09:00 - 14:00 5 22,743 35,183 36,370 36,687 35.745 40,392 30,008
14:00-16:00 2 8,961 13,800 14,258 14,381 14,017 15,808 11,795
16:00- 18:00 2 15,948 32,937 34,995 35,556 33,903 42,447 24,806
18:00 - 20:00 2 8,391 12,692 13,087 13,192 12,879 14,409 10,940
20:00 - 24:00 4 11,889 17,065 17,489 17,600 17,267 18,847 15,083
Total 24 86,646 138,569 143,761 145,154 141,023 161,622 116,386
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TABLE 15 Recumng Congestion Delay (veh-mins)
LAO
Time Period# SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY
00:00 - 07:00 7 7 38 42 43 40 59 21
07:00 - 09:00 2 136 748 835 859 789 1,160 425
09:00 -14:00 5 787 4,321 4,822 4,960 4,555 6,700 2,452
14:00 - 16:00 2 295 1/)17 1,805 1,857 1,705 2,508 918
16:00 -18:00 2 2,576 14,141 15,782 ^  16,234 14,907 21,927 8,024
18:00 - 20:00 2 220 1,205 1,345 1,384 1,271 1,869 684
20:00 - 24:00 4 86 474 529 544 499 734 269
Total 24 4,107 22,544 25,160 25,881 23,766 34,957 12,792
o
3
Reliability Index: A Speed Perspective
The difference between the actual speed and the Bee flow speed (speed lim it = 45 
mph) is used as a measure to 6nd the reliability of the road segment or corridor. The 
values vary for different days of the week and also by the time of the day. The results are 
presented in Table 16. Table 17 gives the reliability indices for each time period of the 
seven days in the week for the study segment. These indices are based on the different 
levels of reliability (Table 2) discussed in the previous chapter. The conclusions that can 
be drawn Bom the results are that the road segment is mostly unreliable for operating 
speeds during the evening peak hour (16:00 -  18:00 hours). During night time, the 
segment is reliable, and this is justiGed because of lower trafBc demand as compared to 
day conditions. Fridays are unreliable when compared to any other day in the week and 
Sundays are when the segment is most reliable for operating speeds.
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TABLE 16 Difference in Free Flow and Actual Speeds (mph)
8
(O '
3.
3"
CD
CD■D
OQ.
C
a
o3
"O
o
CDQ.
LAW
Time Period# # Hours SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRH)AY SATURDAY
00:00 - 07:00 7 0.03 0.11 0.12 0.12 0.11 0.15 0.07
07:00 - 09:00 2 0.81 3.01 3.27 3.33 3.13 4.16 1.96
09:00 - 14:00 5 1.56 5.53 5.97 6.08 5.73 7.46 3.68
14:00-16:00 2 1.48 5.27 5.70 5.81 5.47 7.14 3.50
16:00-18:00 2 7.27 19.32 20.29 20.55 19.79 23.25 14.56
18:00-20:00 2 1.18 4.27 4.63 4.72 4.44 5.84 2.81
20:00 - 24:00 4 0.33 1.25 1.36 1.39 1.30 1.75 0.80
TABLE 17 Reliability Indices: Speed Perspective
Time Period# #Houra SUNDAY MONI TUESDAY WEDNESDAY THURSDAY FRH)AY SATURDAY |
00:00 - 07:00 7 _____ Jht
07:00 - 09:00 2 ' . A
09:00 -14:00 5 /I ' ' c "A: 77 (2 7:;
14:00-16:00 2 .7: A ./ ' Â "7: c . : \ . .(] '.  ̂ ::
16:00- 18:00 2 i .
18:00 - 20:00 2 c 7 . .. tC .. :
20:00 - 24:00 4 A 1
"O
CD
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The results tabulated for the time period 14:00 - 16:00 hours are shown in a 
graphical format in Figure 14 after the values of V/C ratios, actual speeds and recurrent 
delay have been normalized to bring them onto a single scale. Normalization is done to 
compare diSerent 'incomparable' measures after bringing them onto a common scale by 
dividing each value with the maximum value amongst a group. For example, if  is 
the maximum speed among the speeds corresponding to diSerent days of the week, the
normalized value of speed for a particular day ;, is given by, y ==
F
 (4.1)
-  -  -Rec«TTemtD«l*y
Wedm«#d»y 
D *y of (he Week
FIGURE 14 Comparison of V/C Ratio, Speed and Recurrent Delay by Day of the Week
From Figure 14, it can be seen that the recurrent delays are in direct proportion to the V/C  
ratios and inversely related to the speeds on the segment. Based on speeds, the segment is 
more reliable on weekends than on weekdays.
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Similarly, the results for a day of the week (Wednesday) are shown in Figure 15. 
The normalized values of V/C ratios, speeds and the recurrent delays are compared for 
the different time periods in that day. The variations of these metrics are signiQcant, with, 
as may be expected, the night time periods of 00:00 - 07:00 and 20:00 - 24:00 being the 
most reliable time periods for speed. The evening peak period 16:00 - 18:00 hours 
experiences the most recurrent delay and hence the least reliable with respect to travel 
speeds on the segment.
— — V/C Ratio
Speed
- -RecerremtDelmy
14t#0. ltd* 
Time Periods
FIGURE 15 Comparison of V/C Ratio, Speed and Recurrent Delay by Time of the Day
Incident Frequency Model
The geo-coded crashes for a 6ve year period (1998 - 2002) were spatially overlaid
on the street network. The study street segment was then selected programmatically by
54
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inputting the m^or street name as TROPICANA and the two cross street names as I-15 
and PARADISE. The AML program, discussed in the previous chapter initially creates a 
200 feet round buffer around the selected segment and then overlays the crash coverages 
each corresponding to the crash databases for five years. The output hom the program are 
six database Gles, hve of which have the crash records for the study segment for each of 
the year and the sixth hie contains information about the supply characteristics of the 
study segment. The crash records in these hies are queried for crash sevaity, time of day 
and day of week to obtain the hequency of occurrence of crashes on the study segment. 
Table 18 summarizes the number of crashes of diherent types by time period and day of 
the week. However, because the time periods are of varying duration, crashes per hour 
are determined to compare the h-equencies of occurrence of diherent types of crashes. 
The crashes per hour is found out by dividing the number of crashes corresponding to a 
particular time period by (5 x 52 x 2 x r). Note the crashes are obtained hom a hve year 
crash database. Fifty two correspond to the number of weeks in a year, r corresponds to 
the number of hours in the time period. The crashes obtained are for the whole segment 
considering both the approaches. In order to keep the analyses consistent with previous 
sections, v^ere trafGc demand characteristics and supply characteristics are studied for a 
single approach, crashes per hour in a single direction are found. The directional 
aî ustment factor for volume is used for distributing crashes among the two approaches. 
In this case the directional volumes on two Eqiproaches are the same and hence the 
numbers of crashes occuning m both directions are equal. The number of crashes is 
hence divided by 2 to obtain die crashes per hour in a single direction. The results are 
summarized in Table 19.
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TABLE 18 Summary of Crashes on the Study Segment
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Weekday Severity 00:00-07:00 07:00-09:00 09:00-14:00 14:00-16:00 16:00-18:00 18:00-20:00 20:00-24:00 Total
fatality 3 1 1 0 0 0 1 6
SUNDAY Dijury 28 11 26 11 24 10 15 125
PDO 69 17 65 34 30 30 43 288
Fatality 0 0 0 0 0 0 1 1
MONDAY Injury 15 8 25 14 19 10 14 105
PDO 39 23 77 36 42 24 37 278
Fatality 0 0 0 0 0 0 1 1
TUESDAY Injury 12 15 18 17 13 13 10 98
PDO 28 12 82 36 40 30 32 260
Fatality 0 0 0 0 0 1 0 1
WEDNESDAY Injury 13 11 26 13 22 12 17 114
PDO 24 23 60 39 46 33 54 279
Fatality 0 0 0 0 0 1 0 1
THURSDAY Injury 21 13 31 12 7 - T " 24 116
PDO 27 30 80 48 34 39 43 301
Fatality 1 0 0 0 0 0 0 1
FRH)AY Injury 13 5 25 15 17 13 27 115
PDO 43 28 75 42 55 38 64 345
Fatality 0 0 0 0 0 Ô 1 1
SATURDAY Injury 37 14 27 18 18 16 27 157
PDO 14 62 41 48 44 74 338
Fatality 4 1 1 0 0 2 4 ■Total Injury 139 77 178 100 120 82 134PDO 285 147 501 276 295 238 347
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TABLE 19 Summary of Crashes per Hour (Single Direction)
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Weekday Severity 00:004)7:00 07:00-09:00 09:00-14:00 14:00-16:00 16:00-18:00 18:00-20:00 20:00-24:00 Total
fatality 0.0008 0.0010 0.0004 0.0000 0.0000 0.0000 0.0005 0.0005
SUNDAY Injury 0.0077 0.0106 0.0100 0.0106 0.0231 0.0096 0.0072 0.0100
PDO 0.0190 0.0163 0.0250 0.0327 0.0288 0.0288 0.0207 0.0231
Fatality 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0005 0.0001
MONDAY Injury 0.0041 0.0077 0.0096 0.0135 0.0183 0.0096 0.0067 0.0084
PDO 0.0107 0.0221 0.0296 0.0346 0.0404 0.0231 0.0178 0.0223
Fatality 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0005 0.0001
TUESDAY Injury 0.0033 0.0144 0.0069 0.0163 0.0125 0.0125 0.0048 0.0079
PDO 0.0077 0.0115 0.0315 0.0346 0.0385 0.0288 0.0154 0.0208
Fatality 0.0000 0.0000 0.0000 0.0000 0.0000 0.0010 0.0000 0.0001
WEDNESDAY Injury 0.0036 0.0106 0.0100 0.0125 0.0212 0.0115 0.0082 0.0091
PDO 0.0066 0.0221 0.0231 0.0375 0.0442 0.0317 0.0260 0.0224
Fatality 0.0000 0.0000 0.0000 0.0000 0.0000 0.0010 0.0000 0.0001
THURSDAY Injury 0.0058 0.0125 0.0119 0.0115 0.0067 0.0077 0.0115 0.0093
PDO 0.0074 0.0288 0.0308 0.0462 0.0327 0.0375 0.0207 0.0241
Fatality 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001
FRH)AY Injury 0.0036 0.0048 0.0096 0.0144 0.0163 0.0125 0.0130 0.0092
PDO 0.0118 0.0269 0.0288 0.0404 0.0529 0.0365 0.0308 0.0276
Fatality 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0005 0.0001
SATURDAY Injury 0.0102 0.0135 0.0104 0.0173 0.0173 0.0154 0.0130 0.0126
PDO 0.0151 0.0135 0.0238 0.0394 0.0462 0.0423 0.0356 0.0271
Fatality 0.0011 0.0010 0.0004 0.0000 0.0000 0.0019 0.0019
Total Injury 0.0382 0.0740 0.0685 0.0962 0.1154 0.0788 0.0644 mem
PDO 0.0783 0.1413 0.1927 0.2654 0.2837 0.2288 0.1668
Figure 16 shows the frequency of occurrence of diSerent types of incidents by 
time of the day. As e:q)ected, the number of PDO crashes is more than the injury crashes 
which in turn are more than the 6tal crashes.
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FIGURE 16 Frequency of Occurrence of Crashes by Time Period
Figure 17 presents the same results as normalized values by crash severity. The 
chance of occurrence of an injury or PDO crash is the least in the 00:00 -  07:00 period, 
whereas it is the highest for the 14:00 -  16:00 time period. The trend followed by the 
injury and PDO curves is similar to that of the traffic demand curve by day of the week, 
supporting the theory that most crashes occur during heavily congested conditions. The 
fatality curve is plotted as the percentage of fatal crashes per hour in a particular time
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FIGURE 17 Frequency of Occurrence of Crashes by Time Period
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FIGURE 18 Frequency of Occurrence of Crashes by Day of the Week
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period divided by the total number of fatal crashes. Because, there were a less number of 
fatal crashes, a tremendous variation is observed in the &tal crash 6equency.
Figure 18 shows the h-equency of occurrence of different types of crashes by day 
of the week on the study segment.
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FIGURE 19 Frequency of Occurrence of Crashes by Day of the Week
Again, the trends followed by the normalized injury and PDO crash curves shown 
in Figure 19 are similar. M ^ority of injury and PDO crashes on the study segment tend to 
occur on Saturdays, whereas the least number of crashes are observed to occur on 
Tuesdays. H alf the fatal crashes occurred on Sundays, and all other days experienced 
uniform rate of fatalities. The trends followed by the injury and PDO crash curves do not 
clearly follow the temporal variation curve of trafBc demand by day of the week.
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While the hrequency of crashes expressed as crashes per hour gives an idea about 
the average value of the occurrence of crashes on the road segment during a particular 
day and a time period, it does not actually express the percentage of time the segment is 
operating under a deteriorated condition caused by crashes. The crashes occurring on the 
segment needed to be studied in detail for this reason. Consider a particular day of the 
week, Wednesday and a time period, 07:00 -  09:00. While there are no fatalities, the 
iiyury crashes per hour is 0.0106 and the PDO crashes per hour is 0.0221. Individual 
crashes are to be studied to quanti:̂  the variation of occurrence of crashes on a particular 
Wednesday during that time period. Some Wednesdays may have no injury crashes at ah, 
while others may have three or four iryury crashes in a short period of time. These 
crashes can be looked at, as multiple crashes caused by a single incident. The percentage 
of time, a particular road segment is operating under incident 6ee condition is 
determined, and in the event of occurrence of an incident, the chances of it leading into a 
multiple incident scenario is evaluated. These characteristics can be related to the 
reliability index ultimately. The non-recurrent congestion delay is considered only when 
an incident occurs. Extra weights can be assigned to multiple crashes in terms of 
vehicular delay.
Incident Duration and Lane Blockage
As mentioned in the previous chapter, average values of lane blockage and 
incident duration were used by researchers in the past as input values in order to estimate 
incident related delay. According to Skabardonis et. al (1996), the use of average values 
for incident duration may overestimate the delays caused by incidents because the
61
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distribution of durations is heavily skewed, with most incidents lasting less than the 
average value. Because of this limitation, this study proposes the use of median values 
instead of average values. Using median values, would not overestimate the incident 
delays because they tend to ignore the outliers (very high and very low values).
The non-recurrent congestion delay model can be updated later with real-time 
information corresponding to incident duration and lane blockage values, as these values 
are set as user inputs. The influencing Bictors that affect these average values of incident 
duration and lane blockage are the severity of incident, and temporal characteristics such 
as peak vs. o&peak conditions, day vs. night etc. Weather conditions such as rain, snow 
are not considered as significant influencing factors because these are extremely rare in 
the study area. The values of average incident duration for different conditions that are 
used are shown in Table 20. These values are arbitrary and are used to illustrate the 
methodology. They can however be changed to obtain difkrent results Aom the model.
TABLE 20 Median Values of Incident Durations (Minutes)
Duration
Fatality Injury PDO
Off-peak Peak OË-peak Peak Off-peak
Day 36 r  ... 25 24 18
Night 43 30 22
The basis of proposing the arbitrary median values for incident duration and lane
blockage are the results Aom a statistical model developed by Y i (2002).
The average number of lanes blocked depends upon the percentage of time each
lane is blocked due to a particular type of incident during peak vs. ofT peak conditions.
By providing user inputs for these Gelds, no assumptions are being made about the
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percentage of time each lane is being blocked by a particular incident. The assumption 
that a lane-blocking incident would occupy travel lanes for its entire duration would 
seriously overestimate the incident delays, providing user inputs eliminates this 
possibility. Arbitrary values are proposed to illustrate the methodology and these values 
are enlisted in Table 21. These values are expressed as percentage time, each lane is 
blocked and are shown in Table 22.
TABLE 21 Time of Lane Blockage (minutes)
Lane Blockage in minutes (Day, Peak)
Fatality Injury PDO
Lane] Lane2 Lane3 Lanel Lane2 Lane3 Lanel Lane2 | Lane3
44 14 0 34 4 0 12 . ,
Lane Blockage in minutes (Day, OfF-Peak)
FataHty Injury PDO
Lanel Lane2 | Lane3 Lanel Lane2 Lane3 Lanel Lane2 | Lane3
36 10 1 0 25 0 0 7 0
Lanel(lockage in minutes (Night, Off-Peak)
Fatality Injury PDO
Lanel Lane2 Lane3 Lanel Lane2 Lane3 Lanel Lane2
43 19 0 30 5 Ô" 17 0
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TABLE 22 Percentage Time of Lane Blockage
rime of Lane Blockage (Day, Peak)
Fatality Injury PDO
Lanel Lane2 Lane3 Lanel Lane2 Lane3 Lanel Laner
100.00% 31.82% 0.00% 100.00% 11.76% 0.00% 50.00% ô.oo%| _ 1
% Time of Lane Blockage (Day, OB-Peak)
Fatality Injury PDO
Lanel Lane2 Lane3 Lanel Lane2 Lane3 Lanel Lane2 | Lane3
100.00% 27.78% 0.00% 100.00% 0.00% 0.00% 38.89% 0.0(
% Time of Lane Blockage (Night, Off-Peak)
Fatality Injury PDO
Lanel Lane2 Lane3 Lanel Lane2 Lane3 Lanel Lane2 ie3
100.00% 44.19% 0.00% 100.00% 16.67% 0.00% 77.27% 0.00%
Based on these values, the average values of lane blocked are found for 6tal, 
injury and PDO crashes under diSerent conditions. These average lane blockage values 
are estimated depending on the percentage time each lane is blocked. For example, a fatal 
crash during a day peak hour, w ill have a lane blockage value of 
(lOO.OO%x 1+ 31.82%x 1+ 0.00%x l)=  1.318. The results are shown in Table 18.
TABLE 23 Median Value of Lane Blockage
1 Number of Lanes Blocked (8)
1 Fatality Injury PDO
1 Peak Off-peak Peak Off-peak Peak 1 Off-peak
Day 1.278 1.118 1.000 ------- 0.389
Nigh: 1.442 1.167 0.773
Supply Characteristics and Reduction in Lane Capacity due to an Incident
The supply characteristics such as number of lanes and the hourly lane capacity of
the segment are obtained from the output of running the AML program using the GIS
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software on the network coverage. The number of lanes and hourly capacity values are 
used to find the design capacity of the segment. However, as discussed in Chuter 3, the 
theoretical reduction of capacity of the roadway because of an incident should be 
differentiated Aom the actual reduction in trafBc capacity. The rubbernecking factor is 
considered while calculating the actual reduction in trafBc capacity. Rubbernecking is the 
tendency of drivers to slow down and observe the incident particulars or shy away Aom 
the incident location (Skabardonis et. al, 1996). The theoretical reduction in capacity 
(RC^) is calculated by using EquaAon (3.11). The actual or modiAed reduction in traffic 
capacity (RC^) is determined using EquaAon (3.13). Table 24 compares the values 
obtained Aom these two concepts of reducAon in lane capacity because of an incident.
TABLE 24 TheoreAcal and ModiAed Reduced CapaciAes (veh/hr) after an Incident
c 3,000
RC^ 2̂ 011
RC** 1,523
Doiadon (hr) 0.73
FataUty (Day, ORPeak)
C 3,000
RC^ 2,042
R (f 1,561
Duration (hr) 0.60
FataMty (Night, ORPcak)
C 3,000
RC^ 1,919
RC*̂ 1,410
Duration (hr) 6.72
Injury (Day,Peak)
C 3,000
RC^ 2,162
RCf 1,716
Duration (hr) 0.57
Injury (Daf ,OR Peak)
C 3.000
RC^ 2,250
RC*̂ 1,834
Duration (hr) 0.42
Injury (Nlght,ORPeak)
C 3,000
RC^ 2,125
RC^ 1,668
Duration (hr) 0.50
PDO (Day,Pcak)
C 3,000
RC^ 2,625
R (f 2,381
Duration (hr) 0.40
PDO (Day,OR Peak)
C 3,000
RC^ 2,708
R (f 2,512
Duration (hr) 0.30
PDO(mght,ORPeak) |
C 3,000
RC^ 2,420 1
R (f 2,074
Duration (hr) o.ÿy 1
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Non-Recurrent Congestion Delay Model
TThe qireuirig cUaygraro apqproawdh is fblloTvedto lestniuabs lüie incicleot ckdary causetl 
byrthu2 <)cc%irrerw:e odFicKurlents CHi lübe stukly seygnaeirL In cader to dotlwî  awnzrayge valires cdF 
irK:nlerU(IuraticHi acid laires bicxzkfxi art; iised as irqouts in tbesnwoclel. T/iibres Irrmi TTatde 
20 and Table 23 are used.
IJsing tlie tnibies cdFcxqparnty iancl]oiodAfiedit%iu(%ic«i iui cagaacity from TTatik: i24, 
incident delays were estimated using Equation (3.10) for the three types of incidents for 
different time periods. Hourly volumes and capacities are used in the equation. The time 
periods are already categorized into one of the three categories: Day, Peak; Day, Off- 
Peak and Night, O&Peak. The incident delay (vehicle-hours) caused by a particular type 
of incident is found out and the results are presented in Table 25.
One of the limitations of the theoretical queuing diagram approach is that it 
overestimates incident delays as the volumes near capacity. A maximum value of 12,000 
hours of incident delay is assigned to fatal crashes when the volume approaches or 
exceeds capacity, and the maximum incident delay values for injury and PDO crashes are 
calculated following the ratio 233: 86: 49 that result in 4,000 hours for an injury crash 
and 1,800 hours for a PDO crash respectively. The incident delay is assumed to be zero 
whenever the reduced capacity after the occurrence of an incident is more than the hourly 
volume corresponding to a particular time period on a given day of the week.
The extent of incident delay (veh-mins) is calculated by putting together the 
results &om the incident frequency model and the incident delay results obtained in Table 
26. This step hgures into the three-step structural model of Ending incident delay, which 
was discussed in Chapter 3.
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TABLE 25 Incident Delay Caused by a Single Incident (Honrs)
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Weekday Severity 00:00-07:00 07:00-09:00 09:00-14:00 14:00-16:00 16:00-18:00 18:00-20:00 20:00-24:00
SUNDAY
Fatality 0 81 154 142 12,000 96 0
Injury 0 10 29 26 4,000 11 0
PDO 0 0 0 0 1,800 0 0
MONDAY
Fatality 0 762 6,908 3,837 12,000 1,15)1 229
Injmy 0 317 2,169 1,196 4,000 358 51
PDO 0 11 184 96 1,800 20 0
TUESDAY
Fatality 0 903 12,000 12,000 12,000 1,643 257
Injury 0 381 4,000 4,000 4,000 501 61
PDO 0 18 1,800 390 1,800 33 0
WEDNESDAY
Fatality 0 945 12,000 12,000 12,000 1,812 265
Injury 0 400 4,000 4,000 4,000 555 64
PDO 0 21 1,800 1,167 1,800 38 0
THURSDAY
Fatality 0 825 12,000 5,953 12,000 1,376 242
Iî ury Ô" 346 4,000 1,866 4,000 416 56
PDO 0 14 488 156 1,800 25 0
FRIDAY
Fatality 0 1,712 12,000 12,000 12,000 12,000 367
0 747 4,000 4,000 4,000 4,000 99
PDO Ô" 61 1,800 1,800 1,800 1,800 7
SATURDAY
Fatality 0 361 754 668 12,000 417 119
1.  W w 0 136 220 192 113 14
PDO 0 0 7 5 1,800 0 0
- Values in Bold indicates condition, F /C  > 1
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TABLE 26 Extent of Incident Delay (veh-mins)
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Weekday Severity 00:00-07:00 07:00-09:00 09:00-14:00 14:00-16:00 16:00-18:00 18:00-20:00 20:00-24:00
SUNDAY
Fatality 0 5 4 0 0 0 0
Iqinry 0 6 18 16 5,538 7 0
PDO 0 0 0 0 3,115 0 0
MONDAY
Fatality 0 0 0 0 0 0 7
Injury 0 146 1,251 966 4,385 207 21
PDO 0 15 327 199 4,362 27 0
TUESDAY
Fatality 0 0 0 0 0 0 7
Injury 0 330 1,662 3,923 3,000 376 18
PDO 0 13 3,406 809 4,154 57
WEDNESDAY
Fatality 0 0 0 0 0 105
Injury 0 254 2,400 3,000 5,077 384 31
PDO 0 27 2,492 2,627 4,777 71
THURSDAY
Fatality 0 0 0 0 0 79 0
Injury 0 259 2,862 1,292 1,615 192 3 ^
PDO 0 25 900 433 3,531 56 0
FRIDAY
Fatality 0 0 0 0 0 0 0
Injury 0 215 2,308 3,462 3,923 3,000 77
PDO 0 98 3,115 4,362 5,712 3,946 12
SATURDAY
Fatality
—
0 0 0 0
_
3
Injury 0 110 137 200 4,154 104 11
PDO 0 0 10 11 4,985 0 0
Vaines in Bold indicates condition, F /C  > 1
Figure 20 depicts the trend lines for the iirjury and PDO crashes, trafBc demand 
and the incident delay for a particular time period, which is 16:00 -18:00. As shown, the 
trend line followed by incident delay follows by the iiyury and PDO crash curves. For the 
evening peak hour, the V/C ratios are greater than 1 for each day of the week, and hence 
the incident delays are influenced only by the number of crashes.
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FIGURE 20 Comparison of Crashes, Volume and Incident Delay by Day of the Week
Figure 21 depicts the trend lines for the iryury and PDO crashes, trafRc demand 
and the incident delay on a particular day of the week, which is Wednesday. As shown, 
the trend line followed by incident delay is similar to the ones followed by the iryury and 
PDO crashes. However, volume also is an important influencing &ctor with the incident
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delays going np during peak honr traffic conditions. The incident delays are minimal 
when the trafhc volumes are low. The incident delays corresponding to time periods 
16:00 -  18:00 and 00:00 -  07:00 show the effect of volume on incident delays.
- - - Iqjmiy 
—m—PDO
— — VWnme 
— Incident Ddmy
0.6
0.4
FIGURE 21 Comparison of Crashes, Volume and Incident Delay by Time of the Day
Reliability Index: A Travel Time Perspective
The ratio between the total delay and free flow travel time is used as a measure to 
Gnd the reliability of the road segment or corridor with respect to travel time. The values 
vary for different days of the week and also by the time of the day. Table 27 summarizes 
the total travel time (veh-mins) including incident delay by diSerent time periods and day 
of the week. The total delay expressed as delay per vehicle is shown in Table 29. Table
70
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28 shows the 6ee flow travel time per vehicle, so that the total delay per vehicle can be 
associated with the time taken to travel through the segment. Table 30 gives the ratios 
between the total travel time (after considering recurrent and non-recurrent congestion 
delays) and the hree flow travel time. Table 31 gives the reliability indices for each time 
period of the seven days in the week for the study segment. These indices are based on 
die difkrent levels of reliability (Table 4) discussed in Chapter 3. As shown, whenever 
the volume exceeds capacity, the amoimt of incident delays increase enoimously making 
the road segment susceptible to significant traffic delay and hence affecting the reliability 
of the segment or corridor.
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TABLE 27 Total Travel Time (veh-mins)
Time Periods # Hours SITNDAY MONDAY TUESDAY WEDNESDAY THURSDAY ERmAY SATURDAY
00:00 - 07:00 7 11,150 15,701 16,053 16,145 15,870 Î7IÎ58 14,007
07:00 - 09:00 2 7,576 11,352 11,852 11,875 11,626 12,874 9,858
09:00 - 14:00 5 22,764 36,761 41,437 41,579 39,507 45,816 30.155
14:00 -16:00 2 8,978 14,965 18,991 20,007 15,742 23,631 12,006
16:00-18:00 2 24,602 41,683 42,149 45,410 39,049 52,081 33,944
18:00 - 20:00 2 8,397 12,926 13,519 13,752 13^07 21,355 11,044
20:00 - 24:00 4 i i ,m 17,093 17,514 17,631 17,306 18,937 15,097
Total 24 95,355 150,480 161,515 166,398 152,307 191,851 126,110
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TABLE 28 Free Flow Travel Time (mins/veh)
Time Periods # Hours SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRH)AY SATURDAY
00:00 - 07:00 7 2.09 2.09 2.09 2.09 2.09 2 m 2.09
07:00 - 09:00 2 2.09 2.09 2.09 2.09 2.09 2.09 2.09
09:00 -14:00 5 2.09 2.09 2.09 2.09 2.09 2.09 2.09
14:00 - 16:00 2 2.09 2.09 2.09 2.09 2.09 2.09 2.09
16:00-18:00 2 2.09 2.09 2.09 2.09 2.09 2.09 2.09
18:00 - 20:00 2 Z W 2.09 2.09 2.09 2.09 2.09 2.09
20:00 - 24:00 4 2.09 2.09 2.09 2.09 2.09 2.09 2.09
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TABLE 29 Total Delay (mins/veh)
Time Periods # Hours SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRH)AY SATURDAY
00:00 - 07:00 7 0.00 OlOl 0.01 CtOl 0.01 0.01 0.00
07:00 - 09:00 2 0.04 Ct2l 0.30 0.28 0.27 0.33 0.14
09:00 -14:00 5 0.09 0.83 2.00 1.94 1.57 2.10 0.24
14:00 - 16:00 2 0.08 0.68 1.89 2.19 0.88 2.86 0.26
16:00-18:00 2 3.11 3.52 3.28 3.89 2.78 4.20 3.28
18:00 - 20:00 2 0.06 0.30 0.39 0.44 0.35 2.63 0.18
20:00 - 24:00 4 0.02 0.07 0.08 0.08 0.08 0.13 0.05
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TABLE 30 Ratio of Total Travel Time and Free Flow Travel Time (TTAci/TTFF)
Time Periods # Hours SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRH)AY SATURDAY
00:00 - 07:00 7 1.00 1.00 1.00 1.00 1.00 X) 1.00
07:00 - 09:00 2 1.02 1.10 1.14 1.13 1.13 1.16 1.07
09:00 -14:00 5 1.04 1.40 1.96 1.93 1.75 2.01 1.12
14:00 - 16:00 2 1.04 1.32 1.91 2.05 1.42 2.37 1.12
16:00-18:00 2 2.49 2.69 2.57 2.86 2.33 3.01 2.57
18:00 - 20:00 2 1.03 1.15 1.19 1.21 1.17 2.26 1.09
20:00 - 24:00 4 1.01 1.04 1.04 1.04 1.04 1.06 102
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TABLE 31 Reliability Indices: Travel Time Perspective
Tim e Periods I TIJF'SÎIA.V Î \V F TTTWTM A V f
00:00 - 07:00
07:00 - 09:00
09:00 - 14:00 5 C
14:00 - 16:00 2 ^  ^  C . ..
16:00 - 18:00
18:00 - 20:00
20:00 -24:00 "4
- Values in Bo d indicates condition, F /C  > 1
Conqianson of Speeds and Travel Times on Two Parallel Corridors 
The same road segment which is 1-15 to PARADISE is selected on a parallel 
corridor, which is Flamingo Road to compare the various performance measures with the 
road segment on Tropicana Avenue. The reliability indices with respect to operating 
speed and travel times are also compared. By making such comparison, a road user can 
make a choice of route, which may vary by time periods and by day of the week
Table 32 summarizes various performance measures for the travel segment on 
Tropicana Avenue and Flamingo Road. The speeds and travel times correspond to the 
evening peak hour period, 16:00 -  18:00 hours on a Friday.
TABLE 32 Comparison of Performance Measures between Two Parallel Corridors
Performance Measures Tropicana Flamingo
Fatal (#) 12 3
Injury (#) 830 785
PDO(#) 2,089 1,838
Hourly Capacity (veh/hr/ln) 750 725
Length (miles) 1.57 1.27
Speed (mph) 21.75 24.50
Travel Time (FF) (min/veh) 2.09 1.69
Travel Time (Noinc) (min/veh) 4.33 3.11
Travel Time (Inc) (min/veh) 6.30 6.71
R̂  (Speed) E E
R̂  (Travel Time) E E
Paradise Avenue does not actually take a North — South direction and it is skewed 
towards die west and that is why diSerent lengths were observed for the road segments 
on parallel corridors. I f  a road user is traveling &om 1-15 to Paradise Road, the recurrent 
congestion delay is more on Tropicana Avenue as compared to Flamingo Road. An
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interesting aspect of comparison is the travel time after incidents are considered. 
Flamingo Road operates under a deteriorated condition when the incidents are 
considered, even though the number of fatalities, injuries and PDO crashes are more on 
Tropicana Avenue. This indicates that the frequency of occurrence of crashes is more on 
Flamingo Road for the Friday evening peak hour period.
Table 33 shows the travel time taken for each vehicle traveling on a particular 
segment for three conditions. TT (FF) corresponds to free flow travel time (minutes) 
where each vehicle is traveling at 6ee flow speed. TT (NoInc) is the travel time (minutes) 
corresponding to no incident condition and this gives a measure of the recurrent 
congestion delay. TT (Inc) is the travel time in minutes after the non-recurrent congestion 
delay is accormted for.
TABLE 33 Comparison of Travel Times on Parallel Corridors
TROPICANA FLAMINGO
Segmtmt From To Length TT(FF) TT(NoImc) TT(Inc) Length TT(FF) TT(NoInc) TTflnc)
1 Buf&lo Rainbow 1.07 1.43 1.45 1.46 1.01 1.35 1.43 1.48
2 Rainbow Jones 1.01 1.35 r 1.41 " 1.46 1.01 1.35 1/46 1.51
3 Jones Decatur 0.96 1.28 1.62 3.61 0.93 1.24 1.49 1 1.73
4 Decaiur Valley View 1.01 1.35 1.81 5.14 1.01 1J5 1.62 2.17
5 Valley View 1-15 0.44 0.59 1.11 23Z9 0.75 1.00 1.50 4.59
6 1-15 Paradise 1.57 2.09 ,433 6.30 1.27 1.69 3.11 6.71
7 Paradise Maryland 0.72 0.96 1.15 3.36 1.04 1.39 2.07 4.33
8 Maryland Eastern 1.01 1J5 1.61 4.91 1.05 1.40 1.84 2.40
9 Eastern Sand Hill 1.52 2.03 2.42 7.67 1.52 2.03 2.50 2.91
10 Sand Hill Mtn Vista 1.03 1J7 1.54 2.64 1.03 138 1.43 1.49
11 Mtn Vista Boulder 1.26 1.68 1.73 1.76 0.40 0.53 0.59 0.70
Corridor Bnftal# Boulder 11.60 r  15j48 20.18 40.60 li.0 2 14.71 19.04 30.02
Average Speed: (mph) 44.96 34.49 17.14 44315 34.73 22.03
The travel times indicate that Flamingo Road is more reliable in all the segments 
of the road except for the stretch hom 1-15 to Maryland Parkway. While comparing the 
travel times, the difference in lengths of travel segments needs to be taken into
75
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consideration too. These differences are the result of cross streets running in a northwest - 
southeast direction.
Reliability Index of a Corridor
Figures 22 and 23 show the reliability indices with respect to speeds of individual 
segments on the corridor during a peak hour time period (16:00 - 18:00) in a weekday 
(Friday) and on a weekend (Saturday). Figures 24 and 25 depict the reliability indices 
with respect to travel times of individual speeds on Tropicana Avenue, during a peak 
hour time period (16:00 -18:00) in a weekday (Friday) and on a weekend (Saturday).
The weighted index method is used to hnd the reliability index of the whole 
corridor by integrating the reliability indices of individual road segments. The indices are 
weighed with respect to the lengths they measure. The final reliabüity index of the 
corridor for each time period is calculated using Equation (3.11). The results for 
reliability indices with respect to speed are summarized in Table 34. The final reliability 
indices with respect to travel time for Tropicana Avenue by the day of the week and for 
each time period are summarized in Table 35.
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FIGURE 22 Reliability of Speeds on Tropicana Ave during peak hour (16:00 - 18:00) on Friday
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FIGURE 23 Reliability of Speeds on Tropicana Ave during peak hour (16:00 - 18:00) on Saturday
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Time Periods UNDAY M O NDAY TUESDAY WEDNESD THURSDAY 1 FRH)AY SATURDAY
00:00 - 07:00
07:00 - 09:00 ' - . A „
09:00 -14:00
14:00 -16:00 A - . A
16:00 -18:00 Ë É È Ê m m Ë m - .(: :
18:00 - 20:00 A
20:00 - 24:00 A . A A
TABLE 35 Reliabüity Indices: Travel Time Perspective for Tropicana Avenue
Time Periods SUNDAY M O NDAY TUESDAY W EDNESDAY THURSDAY FR ID A Y SATURDAY
00:00 - 07:00
07:00 - 09:00 A
09:00 -14:00
14:00-16:00 1 9NMBMBBKN0!
16:00-18:00 . r -A . ;  C-........ .
18:00 - 20:00 |
20:00 - 24:00 |
"O
CD
C /)
C /)
The north - south corridor Rainbow Avenue, hrom Cheyenne Avenue to Tropicana 
Avenue, is also studied 6)r its rehabihty. The supply characteristics of the corridor and 
the road segments are summarized in Table 35.
TABLE 36 Supply Characteristics of Rainbow Avenue
Supply C laracterlstlcs of Rainbow Avenue (Single Direction)
Segment From To Length (miles) # Lanes HC (veh/hr/ln) HC (veh/hr)
12 Cheyenne Lake Mead 1.54 2 750 1,500
13 Lake Mead Washington 1.06 2 750 1,500
14 Washington Charleston 1.57 3 800 2,400
15 Charleston Sahara 0.96 3 800 2,400
16 Sahara Desert Inn 1.09 3 800 2,400
17 Desert Inn Flamingo 1.04 3 800 2,400
18 Flamingo Tropicana 1.02 3 800 2,400
Corridor Cheyenne Tropicana 8^8
The demand variation by time period, for Rainbow Avenue is shown in Figure 26.
7.88%
8.88%
T  4.88%
'  3.80%
1.88%
1.88%
(WO 2:00 4:00 0:00 0:00 10:00 12:00 14Æ0 16:00 18:00 20:00 22:00
TuneoiDmv
FIGURE 26 TraSic Demand Variation for Rainbow Avenue
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TABLE 37 Reliability Indices: Speed Perspective for Rainbow Avenue
Time Period SUNDAY MONDAY TUESDAY WEDNESDAY URSDAY TDDA\ SAlTltDAY
00:00 - 07:00
07:00 - 09:00
09:00 -14:00 A A
14:00 -16:00 A :
16:00-18:00 A
18:00 - 20:00
20:00 - 24:00 A A A -
TABLE 38 Reliability Indices: Travel Time Perspective for Rainbow Avenue
Time Periods SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY
00:00 - 07:00 A
07:00 - 09:00
09:00 -14:00
14:00 -16:00 'A A "A A . ' A
16:00-18:00 C C C C C
18:00-20:00 A A ^  A A A A A
20:00 - 24:00 A A A A À A
"O
CD
C /)
C /)
CHAPTERS
CONCLUSIONS AND RECOMMENDATIONS 
Summary
In this study a methodology to estimate the reliability of speeds and travel times 
on urban arterial streets has been proposed. Reliability was modeled as a function that 
incorporates three separate models quantifying recurrent congestion delay, incident 
6equency, and non-recurrent congestion delay respectively. A three level incident delay 
model based on a queuing diagram method was used to estimate the average delay caused 
by incidents on a roadway segment and to address the ejects of influencing factors such 
as trafBc flow characteristics, tenqwral characteristics, and geometric characteristics on 
incident delay. The incident 6equency model, recurnng and non-recurring congestion 
delay models were calibrated based on die incident and volume data collected over the 
urban streets of the greater Las Vegas area.
For application purposes, reliability indices were developed for urban arterial
streets in this study. The reliability indices are indicative of the percentage of time a
particular segment of a roadway or a corridor is operating below acceptable values of
operating speed and travel time. Such indices provides information relating to risk (or
delay) to the road users in order to avoid excessive flow concentration onto a particular
route or in order to encourage dispersion of route choice by drivers. The index is
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expressed on a six step scale, with green or 'A ' representing the most reliable road 
segment or corridor, and red or 'F ' representing the most unreliable travel segment or 
corridor.
Emergency response units such as tow trucks and incident clearing teams can be 
deployed in strategic locations keeping in mind the reliability indices of diGkrent 
corridors. For example, a corridor with a poor reliability index would have an incident 
clearing unit deployed at a closer location compared to a corridor with higher reliability 
index. The deployment of such units can improve the reliability of a particular corridor to 
a desired level as planned by the transportation managers. The difference between the 
actual and desired levels of reliability could be used as a measure to choose locations for 
stationing the response units. The priority of selecting routes / corridors for 
countermeasures to alleviate congestion and improving reliability are done at the expense 
of other routes /  corridors with a Tower' reliability.
Guiding or influencing trips, using advanced ITS technologies such as trafGc 
information systems, dynamic route guidance systems etc., could enhance the reliability 
of a network. The reliability index could be used as a means of communication, as the 
road users can relate to operating speeds and travel times very easily.
Scope for Future Research 
The static arrival and departure curves that are considered while estimating 
incident delay are not entirely realistic. Stochastic processes that estimate arrivals and 
departures after an incident are to be incorporated to develop an improved set of models. 
Changes in demand due to tra@c divergence and lane blockage in the process of incident
85
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clearance can be incorporated with additional data. Moreover, the queuing diagram 
considered in this study is a simpliGed one. A more generalized deterministic queuing 
diagram (Skabardonis et. al, 1995) is shown in Figure 27. This diagram also considers the 
incident clearance and trafBc divergence after a certain point of time. From this diagram, 
a more complicated incident delay equation can be developed.
I
>#
a
FIGURE 27 Modified Queuing Diagram far Estimating Incident Delay
In the above diagram, T denotes incident duration. Si is capacity, S% represents 
traffic demand, S3 expresses the reduced capacity due to the initial number of lanes 
blocked by an incident, S4 expresses the a<̂ usted capacity after lane closure and S5 is the 
traffic demand after divergence, Ti is the duration of the initial number of lanes blocked,
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T; is the duraüon of total closure, T3 is the remaining duration of an incident aAer the 
total closure, and T4 is the incident duration before tmfBc divergence.
The accuracy of the results &om the model needs to be evaluated by real-time 
traSic data by doing a pilot study on a corridor. Results &om non-recurrent congestion 
delay model are estimated, not measured. Cautions need to be taken before using the 
results Gom this study are put to practice.
While the study proposes using median values for incident duration and lane 
blockages, this theory needs to be justiSed by comparing the results obtained with studies 
using average values.
Additional information about incidents is to be collected in the future to 
incorporate other influencing factors like incident detection and response times. These 
variables are not included in this study due to limitations of collected crash database. 
Moreover, information relating to incidents other than vehicular crashes like vehicle 
breakdowns, spillovers etc. are also to be collected to predict realistic values of incident 
delay.
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APPENDIX
vMvDL C:C)DE (7lPLCjT]SnF()]PI./LTTF()IlA/0 Î C)BLS»E]LJiC:TT]SKj R ()/Ll) SIiCiAdliNTTS
PROGRAMMATICALLY
92
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
AML Code (A R C /IN f O Platform) for Selecting Road Segments Programmatically 
els
&S rtcOO C:\00TRC\Parimi\rtc03
AE;EC C:\00TRC\Parimi\rt:c03;EF ARCS;DE ARCS;DISP 9999;DS;DRAW 
TYPE
&TYPE "ENTER STREET NAMES IN CAPITAL LETTERS WITH SINGLE QUOTES" 
6TYPE
&S GETTEMP [RESPONSE 'Main street']
&S GETTEMPl [RESPONSE 'Cross Streetl']
&S GETTEMP2 [RESPONSE 'Cross Street2']
sel STNAME = %GETTEMP%
/* can use sel stmame cn '%gettemp%' but for this to work you 
have to put gettemp in quotes
asel STNAME = %GETTEMP1% 
asel STNAME = %GETTEMP2% 
me sel;ds;draw 
&label LAB 
resel box
resel STNAME = %GETTEMP%
me sel;ds;draw;ARCTEXT rtc03 STNAME # LINE
&S GETTEMP3 [RESPONSE 'Do You Like Your Selection? (Y/N)']
&S COV [RESPONSE 'Name Your Coverage']
&if %GETTEMP3% = Y &then 
PUT %COV% 
kelse 
&GOTO LAB
infodbase %COV%.aat %COV%.dbf 
Q
buffer %COV% %COV%buf # # 200
intersect crs98 %COV%buf %C0V%f98 point 
infodbase %C0V%f98.pat %C0V%f98.dbf
intersect crs99 %COV%buf %C0V%f99 point 
infodbase %C0V%f99.pat %C0V%f99.dbf
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intersect crsOO %COV%buf %COV%EOO point 
infodbase %COV%fOO.pat %COV%fOO.dbf
intersect crsOl %COV%buf %COV%f01 point 
infodbase %COV%f01.pat %COV%f01.dbf
intersect crs02 %COV%buf %COV%f02 point 
infodbase %COV%f02.pat %COV%f02.dbf
KILL %COV% ALL 
KILL %C0V%f98 ALL 
KILL %C0V%f99 ALL 
KILL %COV%fOO ALL 
KILL %COV%f01 ALL 
KILL %COV%f02 ALL 
KILL %COV%buf ALL
^return
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